Background: Chronic pain is an important outcome variable after inguinal hernia repair that is generally not assessed by objective methods. The aim of this study was to objectively investigate chronic pain and hypoesthesia after inguinal hernia repair using three types of operation: open suture, open mesh, and laparoscopic. Methods: A total of 96 patients were included in the study with a median follow-up of 4.7 years. Open suture repair was performed in 40 patients (group A), open mesh repair in 20 patients (group B), and laparoscopic repair in 36 patients (group C). Hypoesthesia and pain were assessed using von Frey monofilaments. Quality of life was investigated with Short Form 36. Results: Pain occurring at least once a week was found in 7 (17.5%) patients of group A, in 5 (25%) patients of group B, and in 6 (16.6%) patients of group C. Area and intensity of hyposensibility were increased significantly after open nonmesh and mesh repair compared to those after laparoscopy (p = 0.01). Hyposensibility in patients who had laparoscopic hernia repair was significantly associated with postoperative pain (p = 0.03). Type of postoperative pain was somatic in 19 (61%), neuropathic in 9 (29%), and visceral in 3 (10%) patients without significant differences between the three groups. Conclusions: The incidence of hypoesthesia in patients who had laparoscopic hernia repair is significantly lower than in those who had open hernia repair. Hypoesthesia after laparoscopic but not after open repair is significantly associated with postoperative pain. Von Frey monofilaments are important tools for the assessment of inguinal hypoesthesia and pain in patients who had inguinal hernia repair allowing quantitative and qualitative comparison between various surgical techniques.
With the introduction of prosthetic meshes, the recurrence rate of open and laparoscopic repair for inguinal hernia can be kept below 5% [1, 2] . Long-term postoperative discomfort such as inguinal or scrotal pain and numbness has gained interest during the last years and has become one of the most important outcome variables besides recurrence rate [3, 4] . Chronic pain occurs in up to 54% of patients after inguinal hernia repair and in 12% pain affects and impairs activities of daily life [5] [6] [7] [8] .
Current research focuses on technical aspects of inguinal hernia repair to decrease the incidence and severity of chronic pain from the different types. Generally, inguinal hernia can be treated by three approaches: open repair using suture or mesh and laparoscopic repair. Inguinal hernia repair using a mesh or laparoscopic inguinal hernia repair have been shown to have a lower the incidence of chronic pain [5, 9, 8] . However, as in most studies focusing on inguinal hernia repair, the quantification of pain was based on interviews of patients without objective assessment. Of 59 articles addressing chronic pain after inguinal hernia repair, only four examined some type of sensory function [5] and only one investigation used instruments for an objective assessment in open hernia repair [10] .
To evaluate technical modifications and to consequently decrease the incidence of chronic pain, its pathomechanisms have to be investigated and understood in detail. Three types of chronic pain have been introduced by Poobalan et al. [8] : The most common type is somatic pain which is localized at the ligamentous insertion to the pubic tubercle and Coopers ligament and may be associated with tissue damage by suture or staple. Neuropathic pain develops in the sensory distribution of an injured nerve after direct damage to a nerve. The third pain syndrome is visceral pain from injury to somatic sacral or sympathetic nerves and is encountered upon ejaculation.
A tool for objective measurement of pain and hypoesthesia seems needed to define and describe postoperative pain and to test and compare modifications of various surgical techniques. The aim of this study was to objectively assess chronic hypoesthesia and pain after inguinal hernia repair using von Frey monofilaments and to compare open suture, open mesh, and laparoscopic techniques.
Materials and methods
Patients with a minimal follow-up of 12 months were included in this study. Between January 1995 and November 2003 a total of 316 patients underwent inguinal hernia repair in our institution. Patients were grouped according to the type of hernia repair: group A: open suture repair, group B: open mesh repair, and group C: laparoscopic mesh repair. The indication for the technique depended on the surgeonÕs preference. Demographic and clinical data of these patients are summarized in Table 1 . Approval from the regional ethics committee was obtained.
Postoperative clinical evaluation was obtained during an interview by an independent observer. The observer assessing the data has neither operated nor assisted in any of the operations and was not involved in the postoperative treatment of the patients.
The International Association for the Study of Pain definition of chronic pain (pain persisting beyond the normal tissue healing time assumed to be three months) was used as the primary outcome measure [11] . For the description of chronic pain three criteria have been assessed: character, quality, and location of pain. The character of pain was somatic, visceral,or neuropathic depending on the presence of numbness and sensations.
All patients obtained a standard questionnaire containing a visual analog scale (VAS, 0-10) to assess pain intensity and the Short Form 36 (SF-36) to assess quality of life. A body chart was included in the questionnaire on which participants could mark the location of pain and use symbols to indicate its characteristics. Questionnaires were filled in before clinical examination.
For quantitative assessment of postoperative pain and hypoesthesia we used calibrated von Frey monofilaments (Senselab Aesthesiometer, Somedic, Stockholm, Sweden). With the monofilaments a defined pressure is applied to the region of interest (No. 4 
Surgical technique. Prophylactic antibiotics were used in all
groups. The open nonmesh operation was performed as a modified two-layer Shouldice repair 2-0 using a polypropylene suture [12] . For the open mesh repair a standard Lichtenstein procedure with a polypropylene mesh (Prolene, Ethicon Schweiz, Johnson & Johnson Medical, CH-8957 Spreitenbach) was performed [13] . For laparoscopic hernia repair a transperitoneal or preperitoneal approach was used [14] .
The statistical analysis was carried out using SPSS for Windows (SPSS Inc., Chicago IL, USA). The SF-36 questionnaire was analyzed using the Kruskal-Wallis test. Responses to the SF-36 were summed to yield eight scores, each ranging from 0 (worst health possible) to 100 (best health possible). Proportions were compared using FisherÕs exact test and the chi-squared test; p < 0.05 was considered statistically significant.
Results
A total of 96 patients who underwent clinical examination and completed questionnaires were included in the study. Group A had 40 patients with 45 hernias, group B had 20 patients with 23 hernias, and group C had 36 patients with 50 hernias. PatientsÕ characteristics are outlined in Table 1 .
Mean follow-up in group A was 5.2 years (standard deviation [SD] = 1.48), in group B it was 2.4 years (SD = 1.53), and in group C it was 6.3 years (SD = 1.99). At the follow-up examination recurrent hernia was found once in each group. Overall postoperative pain was encountered in 12 (26.7%) of group A, in 6 (26.1%) of group B, and in 13 (26.0%) of group C. Mean pain values of these patients measured with the VAS were 1.8 (SD = 1.8) in group A, 2.7 (SD = 2.7) in group B, and 1.9 (SD = 1.6) in group C. Pain occurring at least once a week was found in 7 (17.5%) patients of group A, in 5 (25%) patients of group B, and in 6 (16.6%) patients of group C. There was no significant difference between the three groups. The relative incidence of somatic, visceral, and neuropathic pain of all patients with postoperative pain is displayed in Figure 1 [8] .
Results of the SF-36 are displayed in Table 2 . The only significant difference was found in general health.
Patients of group A had a significantly higher estimate of their general health.
Hypoesthesia was appreciated by 67% of the patients who had open nonmesh surgery, by 65% patients who had open mesh surgery, and by 54% who had laparoscopic surgery. Hypoesthesia in the sensory region of the ilioinguinal and genitofemoral nerves was observed in 52% of the patients who had open nonmesh surgery, in 45% of the patients who had open mesh surgery, and in 42.5% who had laparoscopic surgery. Localization of hypoesthesia is shown in Figure 2 . In both groups of patients with open hernia repair, hypoesthesia was localized in proximity of the inguinal ligament. The region of hypoesthesia in patients with open repair using mesh was localized more laterally than without the use of mesh. The median hypoesthesia score in group A was 56 (range = 0-198), in group B 59 (0-231), and in group C 9 (0-506) ( Table 3 ). In contrast with open repair, the region of hypoesthesia after laparoscopic inguinal hernia repair was significantly decreased and is less localized to the groin region. Its localization tends to reach further distal and proximal of the inguinal ligament.
Allodynia was seen in two patients: one open mesh implantation and one laparoscopic hernia repair.
Localization of hypoesthesia of the patients with chronic postoperative pain is shown in Figure 3 . Localization and intensity of hypoesthesia and pain did not vary between open mesh and suture repair. In patients who had open hernia repair, pain was localized in the proximity of the pubic tubercle and inguinal ligament. In laparoscopic repair the distribution of hypoesthesia covered a larger area and was less well defined to the inguinal ligament than in open repair.
Discussion
Objective assessment of inguinal sensations after inguinal hernia repair revealed differences in type and localization of pain and hypoesthesia between three different types of hernia repair. Hypoesthesia in laparoscopic surgery was less localized near the inguinal ligament and less intense than in open surgery, showing the importance of the inguinal skin incision for the development of a well-defined area of hypoesthesia distal of the incision. However, if patients who had laparoscopic hernia repair develop hypoesthesia, it is significantly associated with postoperative pain unlike in patients after open surgery. Hypoesthesia in the groin of patients who had laparoscopic hernia repair may be the result of lesions of the subcostal, iliohypogastric, ilioinguinal, and genitofemoral nerves. [15] [16] [17] . Comparing open and laparoscopic hernia repair, the incidence in large-scale studies showed a reduction of chronic pain after laparoscopic repair [18] [19] [20] . However, these studies lacked objective pain assessment and descriptions of the type of pain.
Objective measurements of postoperative inguinal sensations are important for current and future investigations, especially in studies that focus on aspects of the surgical technique and implanted materials. Absorbable tissue adhesives for mesh fixation are currently compared with standard suture fixation in open and laparoscopic surgery [21] [22] [23] [24] . Other modifications have to be monitored to reduce long-term discomfort. Objective assessment of pain and hypoesthesia by von Frey monofilaments prior to and after surgery will allow one to address individual surgical factors precisely. 
